THE ROYAL AERONAUTICAL SOCIETY WAS. FOUNDED IN 1866 


NOVEMBER, 1943 MONTHLY 
No. 395 y PRICE 


Vol. XLVIL. 5|- 


The> Journal of 


e Royal Aeronautical 


Society 


ih which is incorporated The Institution of Aeronautical Engineers 
I 


Edited for the Council by Capt. J. LAURENCE PRITCHARD, Hon. Fellow 


CONTENTS FOR NOVEMBER, 1943 
Monthly Notices 


Some Notes on the Shear Centre of 
Thin-Walled Open Sections - Haas 


Airscrew Blade Stress Due to Periodic 
Displacement—A_ Contribution to 
Cascade Theory - - - Lockwood Tavilor 


Reviews 
Abstracts from the Scientific and Technical Press 


Titles and References of Articles and Papers 


The ROYAL AERONAUTICAL SOCIETY, 4, Hamilton Place, W.1 


Telephones Grosvenor 3515 (3 lines) 


1 
q 
ee 
| 
| 
! 


JOURNAL OF THE ROYVA 
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for AIRCRAFT 


FITTED TO MANY WELL-KNOWN 
TYPES OF MACHINES 


The BTH Company manufactures many kinds of 


Aero-Engine and Aircraft components, including :— 

Magnetos; starting equipments ; generators; air compressors; engine speed- 

indicators ; undercarriage and flap operating equipment; petrol pump motors; 
Mazda aircraft lamps for landing, navigation, and interior lights. 


Now and in the coming era of air transport 
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THE BRITISH THOMSON-HOUSTON CO.,LTD. 
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SPECIALISTS IN THE ROLLING AND 
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Head Office: VICKERS HOUSE BROADWAY : LONDON 


MAGNESIUM 


THE LIGHTEST SIGHTS 
FOR THE WORLD’S 
BEST CAMERAS 


The design and construction of post- 
war cameras, binoculars, scientific 
instruments and a thousand and one 
other products (whose utility depends 
so much upon lightweight construc- 
tion) will be reviewed as a result 
of war-time development. In the 
forefront of such materials are 
MAGNUMINIUM magnesium base 
alloys. Magnuminium is four times 
lighter than steel— possesses out- 
standing strength/density ratios— 
and, a notable range of other 
properties and characteristics. Tech- 
nical data is available from the 
Development Department on request. 
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A useful addition to the library 
of all who are interested jy 
Magnesium and its alloy; 


Price: U.K., 30/- 
plus 7d. postage 
Abroad, 30/- 
plus 1/3 postage 


Cheques to be made out to 
F. A. Hughes & Co., Ltd, 


ELEKTRON 


THE PIONEER MAGNESIUM ALLOYS 


@ Sole Producers and Proprietors of the Trade Mark ‘Elektron’: MAGNESIUM ELEKTRON LIMITED. Abbey House, Londén, N.W.1 @ Licensed Manufactures 

s & STERLING LIMITED, Road. Coventry @ Castings: THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPAN; 
MiTED. Birmid Works. Smethwic E & COMPANY LIMITED, Deptford, London, S.E.14 @ Sheet, Extrusions. Forgings & Tubes: ES BOOTH 

co (1915) LIMITED, Argyle ‘orks, Nechells. Birmingham. 7 @ Sheet, Extrusions, Ete. . BIRMETALS LIMITED, Woodgate, Quinton, Birming 

@ Suppliers of Magnesium and ‘Elektron’ Metal for the British Empire: F A. HUGHES & CO. LIMITED, Abbey House, Baker Street. London Nv 


Owing to the large demand, we 
are at present greatly restricted 
as regards the purposes for which 
this steel can be supplied. 
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“We should always recognise the constant improvement that takes place in all 
types with engine development. The Rolls-Royce Company, in particular, not 
only put our Spitfire and Hurricane fighters in front during the Battle of 
Britain, which was fought and won behind the Merlin engine, but are holding 
them there. The Lancaster and Mosquito are also motored by Rolls-Royce 
which are producing new models to keep them abreast of the times.” 

—(Daily Telegraph) 


AERO ENGINES 


You are invited to inspect the Merlin aero engine on 
view at our showrooms, 15 Conduit Street, London, W.1 
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AUTOMOTIVE PRODUCTS 


(my train 
Railway engineers are already at 
work on the new possibilities. Necessary 
srength with but a fraction of the weight 
mans saving in power and in main- 
tenance too, both of train and permanent 
way, So, just when competition with air 
travel becomes keenest, light alloys may 
wlve the railways’ problem of high speed 
at low cost. Here’s another case where 
INTAL’, as makers of aluminium alloys 
brevery conceivable purpose, look forward 


to helping. 
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The Wickman 
10m.m. High Speed 
Precision Automatic 


This machine was originally designed 
to cover a large variety of work 
for the wireless and_ electrical 
trades. In addition to producing 
parts for these two trades, it has 
now been adapted for more special- 
ised work on which it has already 
proved highly successful. It is 
simple to tool for any component 
within its capacity and can be easily 
operated by female labour. Work 
up to 10mm. diameter by 4in. long 
can be accommodated and there 
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are over 100 feeds for each spindle 
speed covering all materials. May 
we send you full particulars? 
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Delivery is subjecy 

Purchase and Prioy 

Certificates issued) 
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BIRMINGHAM 
MANCHESTER 

LEEDS GLASGO 

NEWCASTLE 


COVENTRY ENGLAND: 


PATENT NO. 519567. 


(REGD.) 


Phone : 
ViCtoria 
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§ Rubbaglex sheeting is processed 
on 100% pure glass cloth, has very 
high tensile strength, and combines 
flexibility and resiliency with non- 
stretching properties. 


§ It Is impervious to Aromatic 
Hydro Carbons, Hot Engine Oil 
(Spec. D.T.D. 109) Di-ethylene Gly- 
col, Paraffin, and various solvents. 


§ Specially processed to ensure a 
minimum thickness variation of 
Plus/Minus .002’.. Processed from 
a minimum thickness of .006’” to a 
maximum thickness of .125”. 


Highlyrecommended for Gaskets, 
Washers, Jointings, Diaphragms, 
Sleevings, etc. 


{ Used by leading electrical, 
mechanical & aircraft engineers, etc. 


SOLE PATENT LICENSEES:— 


IMPERVIA 


3 GROSVENOR GARDENS, LONDON, S.W.! 


28 AERONAUTICAL 
FIRST PLACES 


Your Best Guide to 
Successful Courses 


------------ 


Recent T.1.G.B. Successes 
| A.F.R.Ae.S. Examination 
| 1943—FIRST PLACE, AERODYNAMICS 
1943—FIRST PLACE, AIRCRAFT DESICN 
I 1943—FIRST PLACE, APPLIED MATHS. 
| 1942—BADEN-POWELL MEM. PRIZE 
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1942—FIRST PLACE, AERODYNAMICS 
1942—FIRST PLACE, AIRCRAFT DESIGN 
1942—FIRST PLACE, APPLIED MATHS. | 
1941—BADEN-POWELL MEM. PRIZE 
1941—FIRST PLACE, 1.C. ENGINES | 
1941—FIRST PLACE, AERO ENG. DES. 
1941—FIRST PLACE, APPLIED MATHS. 


Write TO-DAY for ‘ The Engineer's Guide to Succes 
—Free—containing the world’s widest choice of eng” 
eering and aeronautical courses—over 200—includiré 
Aeronautical Engineering ; Aircraft Design ; Aeroplt 
Structures ; Aircraft Construction ; Aero Engine Desi 
Construction, Operation and Maintenance; Aerodynamic 
Aerial Transport; Aerial Navigation ; Meteorolos) 
Aircraft Materials, ete., and which alone gives the Rt 
ulations for Qualifications such as A.F.R.Ae.S., G 
ngineer, Air Navigator, A.M.I.Mech.E., A.MIEE 
C. & G., ete. The best guide to R.A.F. Entrance i 
Technical Courses. The T.1.G.B. guarantees training u" 
successful. 


TECHNOLOGICAL INSTITUTE 
GREAT BRITAIN 
39, Temple Bar House, London, E.C.4. 
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GENERAL AIRCRAFT LIMITED 


The entire output of General Aircraft Limited to-day is devoted 
to the war effort. Only when Victory is achieved will it be 
possible to plan that extension and development of civil aviation 
in which we believe, and for which this Company was founded. 


“=| WINGS ARE THE WHEELS OF TO-MORROW 


GENERAL AIRCRAFT LIMITED 
hel LONDON AIR PARK, FELTHAM, MIDDLESEX 
ce at Feltham 3636 (12 lines) 


Overseas enquiries to our Export Division : 
E Of ENGINEERING & AVIATION EXPORTS LIMITED, 50, PALL MALL, LONDON, S.W.1. 
Phone: Abbey 6210 
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all industry... 


Wilkinson research has discovered in Flexatex a solution 
of the many problems at present associated with flexible 
hose. Flexatex is completely standardised. Each type 
is constructed from materials selected to suit the operating 
conditions and is the result of close experiment by a 
technical organisation versed in such problems of industry. 


NEW, REVOLUTIONARY 
FEATURES 


1 End connections can be fitted 
to Flexatex with ease and speed. 
2 Special construction ensures 
positively leak - proof joints. 
3 Cutting and assembly of 
Flexatex and end fittings can 
be carried out on site by an 
untrained operator with ordin- 
ary tools. 4 It is unnecessary 
for Flexatex to be electrically 
honded between end fittings. 

5 Allows a greater flow than 
any other flexible hose of equal 
bore. 6 The weight per foot 
run is less than that of many 
types of ordinary flexible hose. 
7 Passes the standard flame 
test and does not support 
combustion. 8 Improved crash- 
proof qualities. 9 The Flexatex 
range includes types suitable 
for the conveyance of a wide 
range of fluids or gases where 
temperatures do not exceed 
70°C. 0 Available in stan- 
dard 14’ 6” lengths and suitable 
for use with standard A.G.S. 
parts, straight and beaded ends. 
Flexatex rationalises the 
whole method of flexible hose 
supply and assembly. 
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MADE BY THE ORGANISATION THAT PRODUCED LINATEX SELF-SEALING FLEXIBLE Ho: , 


A WNON-RUBGER flexible hose for 


EX AIEX 


/lexjhle st E 


4 are coming in n from Engineers and for 
Manual of Technical Data on _ Flexate 


Gives useful technical data on Flexatex, together with full 
instructions on its applications and some remarks on its 
construction. Bona fide enquirers are invited to apply for 

the Manual. If details of fluids or gases to be conveyed 

are provided, specific information will also be supplied. 


WILKINSCN RUBBER LINATEX LTD 


» FRIMLEY ROAD, CAMBERLEY, SURREY. Tel. : Camberley iSy5 > in Canada, Australia, South Africs, USA 


For Optimum Hardness and Strength — 
NITRIDED | 


NITRALLOY STEEL | 


Particulars from 


NITRALLOY LIMITED 
25, TAPTONVILLE ROAD, SHEFFIELD, 10 | 


60689 SHEFFIELD SHEFFIELD NITRALLOY 


Telephone : Telegrams : 


AIRCRAFT STEELS 


SPECIALISTS IN THE PRODUCTION OF— 
Hot and Cold Rolled Steel Strip 
Bright Drawn Steel Bars and Wire 
Stainless Steel Bars, Strip and Wire 


ARTHUR LEE & SONS, LTD. 
London Office: Birming seh Office : 

SHEFFIELD, 9 Wood, 

Tel. Nos.: Temple Bar 7187 & 7188 Tel. and 2117 
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S a result of the high specific 

strength and excellent hot work- 

ing properties of HIDUMINIUM 
aluminium alloys, amazing progress 
has been made in the production of 
precision tubes, which can be bent, 
swaged, pierced and trapped, bulged 
or reduced to users’ requirements. 
This alloy is not only easily formed, 
but also maintains throughout all 
manufacturing processes the inherent 
characteristics of uniform  concen- 
tricity, straightness and a smooth sur- 
face. The homogeneity of Hiduminium 
and its freedom from ingot defects 
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Can Aluminium 


be easily formed? 


enable it to be manufactured in a wide 
variety of forms—forgings, stampings, 
pressings, extrusion, sheet and strip. 
After the war when supplies become 
freely available, the unique suitability 
of Hiduminium will ensure its wide- 
spread application in many industries. 
Fuller details available on request to the 
Technical Development Department. 
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SPECIALLY DESIGNED 


SPECIAL JOBS 
*! 
NON-FERROUS 
MACHINED PARTS Si 
- and CASTINGS for 
i AIRCRAFT 
Dagenite 
type 


Fully Approved by Admiralty & 


T. M. BIRKETT Sons. Ltd 


~ HMANLEY-STAFFS. 


Telegrams: BIRKETT, HANLEY. 7elephone: STOKE-ON-TRENT 2194 


Dagenite 
Aerobatic type 
(completely 
unspillable) 4 


| 

| 
Dagenite | 
Ground Starting | 
Battery and | 
Trolley 
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ACCUMULATORS FOR AIRCRAFT 


Write for Catalogue 102a | 


PETO & RADFORD 


50 GROSVENOR GARDENS, LONDON, S.W.1. SLOane 7164 
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HOBSON INDUCTION 

"PRESSURE (BOOST) CONTROLS 
HOBSON-PENN AUTO- 
MATIC MIXTURE CONTROLS 


HOBSON PILOT’S COCKPIT 
CONTROLS 


(REGO. TRADE MARK) 


* PRODUCT OF THE HAWKER SIDDELEY 
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IN THE AIR 


PLUGS 


are playing a vital part 


Made by Lodge Plugs, Ltd., Rugby 
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OIL RETAINERS 


Ca 
Scored Bearings run deep 
FOF 
== cam And do a lot of damage, too. Weston) 
ia caves Retainers not only assure that bearings 1! D R 
smoothly, they save oil and grease by 


| —HSe. ing it IN and expensive repairs by keep 

| abrasives and moisture OUT. Easy to RAI 
they operate with minimum friction and give a long life, 
efficient service. 


| Write to-day to our Technical Dept. for full data x S 
Particulars. 


CHARLES WESTON & CO. LTD - TORRINGTON AVENUE “COVEN yicKER 
Telegrams: GITSEALS, COVENTRY Telephone TILEHILL 66299-2 manchester 


Soon it will be routine, not 
adventure. A British Mercantile 
Air Fleet of fast cargo planes will 


deliver necessities to war- 
stricken countries, establishing 
new markets for Britain. 


Weybridge Blades—the ‘ Ace of 
Blades ’’—will keep them flying, 
as surely and efficiently as Britain's 
war planes. | 


Weybridge wooden propeller 
blades cannct fatigue like metal. 


ve For compressed asbestos joints to 
bee Air Ministry Specifications DTD 
378 and DTD 416; and also 


““ Marseline oil, petrol and 


water joints, consult one of the 
| : original makers of joints for the 
| aero industry. 

| 


THE ACE OF BLADES 


FOR ALL AIRCRAFT PROPELLERS 
| Telephones : Victoria 2722 & 2723 
THE AIRSCREW CO., LTD. ENGLAND | Telegrams: ‘* Orient "’ Birmingham BIRMINGHAM 


ESTABLISHED 1903 
On Air Ministry List of Approved Suppliers, Part! 
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Carbon & Alloy Steels 

' of the highest quality 
FORGINGS, CASTINGS 
DROP FORGINGS 
RAILWAY MATERIALS 


Small Tools & Tool Steels 


ENGLISH STEEL CORPORATION!” 


VICKERS WORKS - SHEFFIELD 


SERONAUTICAL XV 


| The Balloon 


Regd. ‘rade Mare 


ACRYLIC RESIN SHEET 


* Retains its clarity in intense 
sunlight. 


% Does not shrink or warp with 
age or exposure to varying 
atmospheric conditions. 


‘PERSPEX ” is the perfect transparent 


material for aircraft. 


IWPERIAL CHEMICAL INDUSTRIES LTD. 


Sales Offices at: Mill Hill, London, N.W.7; Oldbury, 
near Birmingham ; Alderley Edge, Cheshire ; Bristol ; 
York; Newcastle - on - Tyne; © 


Leicester; 


Bradford; Glasgow ; Belfast; | Dublin. 
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The brothers Montgolfier are credited with 
the invention of the “hot air’’ balloon, and 
their many experiments led eventually to a 
flizht of one and a haf miles, carried out in 
1783. Later balloonists attempted to sustain 
flight by ‘taking the fire with them,”’ and 
though many disasters occurred their 
perseverance added much to man’s store of 
positive knowledge. A leading source of 
positive knowledge to the pilot of to-day 
is provided by Weston Aircraft Instruments, 
which so faithfully guide and inform him 
from take-off to landing. 
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CORK MANUFACTURING CO., LTD., South Chingford, London, E.4. Tel. : Silverthorn 2666 (71ines) 


(Associated with Flexo Plywood Industries Ltd.) 


SIR W.G. 


IRCRAFT LIMITED 


BRANCH OF HAWKER SIDDELEY AIRCRAFT Co. tro. 
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MARINE ENGINE BUILDERS 


Contractors to all Government Departments 
YORKSHIRE ENGINEERING Limited 
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Of highly developed design 
and efficiency, Rotax Magnetos 
are fitted on many well-known 
types of Aircraft. 
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WITH WHICH ‘IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


MONTHLY NOTICES 
NOVEMBER, 1943. 


Annual Subscriptions of Members. 

Members are reminded that their subscriptions will) become on 
ist January, 1944. 

The Council are very grateful to all those members who have offered to forego 
their Journals for the duration of the war. The same reductions will be made 
to the 1944 subscriptions of these members as applied to the 1943 subscriptions. 
Subscriptions of Fellows, Associate Fellows, Graduates, Companions and 
Founder Members, who have given up their Journals will therefore be reduced 
by 10s. Od. Associates will receive the reduction already laid down in the Rules 
and the low subscription at present paid by Students does not permit any 
reduction to be made. 

The following will be the rates for 1944 therefore : 


Home Home not Abroad Abroad not 

receiving receiving receiving receiving 
Journal. Journal. Journal. Journal. 

Founder Members ... 2 it 6 2° 16 26 
Associate Fellows 2 2 2) 6 
Graduates (age 21-25) 2 2 © 26 


Library Opening. 

The Library is normally open on Mondays-Fridaygs inclusive from 9.30 a.m.- 
5.0 ppm. and Saturdays 9.30 a.m.—12.3¢ p.m. In addition it will also be open 
on Saturday afternoons from 2.0 p.m.—5.0 p.m. until December tst in order 
to ascertain whether the numbers using the Library on Saturday afternoons 
justifies the continuance of the arrangement. 


Society of British Aircraft Constructors’ Scholarships. 

The Scholarship Selection Committee of the Society of British A\ireratt 
Constructors and the Royal Aeronautical Society have made awards of Society 
of British \ireraft Constructors’ Scholarships to the following :— 

James Roy Combley .. 18, Bridge Street, Leighton Buzzard. Educated at 
Leighton Buzzard Junior Boys’ School; Cedars 
School, Bedford; and de Havilland Technical 
School. 
379 
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Frederick Stanley Newson 133, New Bedtord Road (South), Stretley, luton, 
Bedfordshire. Educated at Luton Modern School, 

Albert) Seaman tt, Statford Gardens, Croydon, Surrey. Educated 
at Cooper Road Elementary School ; Archbishop 
Tentson’s Central School. 


Collection of Aeronautical Medals. 

Thanks to the generosity of an anonymous donor, the Royal Nerouautical 
Society has recently acquired a remarkable collection of Aeronautical medals, 
over 300 in number, dating from 1714 to The medals are veritable 
history of aeronautics, struck on the occasion of some aeronautical event, 

Among the many medals which have been acquired it is possible to pick out 
only a few to give some idea of their range. 

Three of the carly medals were struck in 1783 to commemorate the first ascent 
of the Montgolfier Brothers in a hot air balloon; two others show the first ascent 
of Lunardi from London in 1784; another the first Dutch aeronaut to ascend, 
from Amsterdam, in 1806. James Sadler, the first Englishman to make an 
ascent, is commemorated in a medal dated 1811. A silver medal of 1851 shows 
the ascent of three balloonists each on a horse! There are many examples of 
the Siege of Paris medals of 1870, Giffard’s ascents and others. .\ bronze medal 
of 1896 shows the Andrée polar balloon, and several silver ones of tgo1 Santos 
Dumont’s dirigible. 

Coming to later days, there is a medal of 1goy commemorating the award ol 
the Congress medal to the brothers Wright; medals of varicus Zeppelins, 
Parseval, the R.101, and other dirigibles ; medals commemorating Bleriot’s cross- 
channel flights, rgog; the fights of Paulhan (London-Manchester, 1910); Chavez 
(crossing the Alps, 1910); Pegoud (the first to loop the loop); Lindbergh (Trans- 
Atlantic flight, 1927); Bert Hinkler (London to Australia, 16 days, 1928); Kohl, 
Huneteld and Fitzmaurice (Ireland to America, first cast-west flight, 1928); 
Mussolini- Chief \irman, 6th year of Facism, 1928-9; Dornier D.O.X. Flying 
Boat, then largest in the world, 1929; Professor Picard and Dr. Kipfer, first 
Stratosphere ascent, 1931; Balbo’s Armada of 24 seaplanes-—Italy to America 
and back, 1933; and Amelia Earhart (1941). 
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SOME NOTES ON THE SHEAR CENTRE OF THIN-WALLED 
OPEN SECTIONS. 
by Haas; Ack S: 


INTRODUCTION. 

Advanced textbooks of strength of materials dealing with the shear centre 
give examples of the simplest sections only (¢.y., Ref. 1, Art. 8). Numerous 
articles in the technical press are devoted to the subject, and the method to find 
the shear centre of any open section is now well established (Ref. 2). However, 
the number of readily usable solutions for sections common in practice, is small. 
Consideration in this paper is given to a more complicated section, fairly common 
in practice, and a formule is derived for the location of its shear centre. The 
section is a lipped channel, symmetrical about one axis, and the paper is followed 
by a diagram that enables the shear centre position for various ratios of lip to 
leg and leg to web to be read off. 
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Dimensions of lipped channel section and internal 
shear forces. 
A short critical review of available literature on the determination of the shear 
ventre has been included to ease the designer's work when looking for directly 
applicable formule. 


DEFINITION AND DieTERMINATION OF SHEAR CENTRE. 


In the theory of bending, the shear centre or flexural centre is defined as that 
pont through which the applied transverse load must pass if the bending be 
38d 


ls, | 
4}: 
ers : 
B.) 
‘m- 
Ay, 
43. 
ith : 
By 
|, 
er, 
By 
BS. 


T. HAAS. 


584 


unaccompanied by torsion. By applying the reciprocal theorem it can at once 
be seen that under pure torsion the section will rotate about the same point— 
the centre of twist. Thus the centre of twist is identical with the shear centre 
of the section (Ref. 3). 

In order to determine the location of the shear centre use is made of the 
above definition in stating alternately that the resultant of the internal shear 
forces must pass through the shear centre to produce bending without torsion. 

Applying this to the section under consideration (Fig. 1), the sum of all moments 
ubout the shear centre O must be zero, Qys-- — 2Q,, (b s)=0, or in other 
words the resultant torque of all the shear stresses vanishes. 

Therefore the distance of the shear centre from the web is 

(2Q,,0+ Q,h) 

The axis of symmetry of the section coincides with the neutral axis as. the 
applied transverse load is parallel to the web. ‘To evaluate Eq. (1) it is necessary 
to consider the distribution of shear stresses over the section in simple bending, 
in which ull parts of the section are assumed to be fully effective. The distribu. 
tion of shear stresses over the thickness ¢ is assumed to be uniform, a requirement 
which can be satisfied by using thin-walled sections. The possibility. of the 
instability of the walls, however, is excluded. 


To begin with, the resultant @,, of the shear stresses distributed over the lip 
is calculated, 
h/2 
NA J 
where @Y is the applied transverse load, and [y, is the moment of inertia of the 
section about the neutral axis. The static moment of the lip, 


u 


2 


hi 
Substituting (3) in (2) and integrating, we have 
Ix 6 NA 
It is convenient to express QY,, in terms of the maximum shear stress 7, al 
corner of the lip over which the shear stresses are distributed parabolically 
(Fig. 2). Thus, the bending shear stress 


h 


Whereby 


Therefore from Eq. (4) and Eq. (5) 

and finally, with h,=(h ,, 
/22) 

th 


Proceeding further in the same way, the distribution of shear stresses over 
the whole section has been determined; this is shown in Fig. 2. The shear 
stresses 7, at corner bo and 7, at point C of the section can be expressed in terms 
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of 7, and thus the resulting shear forces Q, and G, in the legs and the web 
respectively , can be written down. 
where the static moment of the leg, S,= (bt) h/2. 


By substituting Eq. (5), and for 2) 


Thus, 7.=7, + (QSy/ Tx 
Then 


and 


), 


bth, 2 


Distribution of shear stress in walls of a lipped 


2: 


channel section. 


Similarly, for the web (see Fig. 2), 


the static moment of the web being 
Sh = (h*/8) 


Thus it can be written, 


{(b } 


(8) 


as betore, 


re 
( 
ar i 
tr — . 
bt=4r,bt 
an 3 (7,4 37,0) {2 t (1 . . 
1) 
Ie WY) 
CE 
4 Yyy Yy 
Yyy | 
: 
7-44 
+ 
US), 
: 
(= Wh? 8 
and on substituting Eq. (5), and tor 
(1 —b,/h) (1—h,/h) 


b, h) 
The resultant shear force in the web is 
(bb, + 3h 
+ ht { I + = } . {9 


Kquations (7), (8) and (9) Substituted into Eq. (1) vield 
{1+4b/b,—4 (b,/h)* } 


pi b/b + 4gh/b,--2(b /hy /hy} (10 

\ | 
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\ SLOTTED RECTANGULAR BOX 


Fig. 3. 
Shear centre location for lipped channel sections 


(Eq. 10). 


This equation is plotted in non-dimensional form in Fig. 3 for various values 
of the ratio b,,;b as parameter. The lower limiting curve for b,=o represents 
the ordinary channel section and the values for s=b/(2+4h/b) are in agreement 
with the results given in Refs. 2 and 4. 


The upper limiting curve shown dotted is the locus for all values of b,=h/2, 
i.é., the cross section of a slotted rectangular box. 


In Equation (10) the wall thickness / which has been taken as uniform cancels 
out. However, for different thicknesses f,, 4, and t,, of web, legs and lips 
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respectively ¢ in Equations (7), (8) and (9) should be replaced by the appropriate 
thicknesses to obtain the correct shear centre location on substitution into Eq, (1). 
Another section to be derived from the above equations suggests itself 
immediately in the form of the wing channel, Fig. 4. Here the resultant shear 
forces Y,, in the lips are of equal i with Q@, the shear force in the web, 
so that for this case the sign of Q,, in Eq. (1) should be reversed. 
{9 
A A 5 ! 
19 is 
u 
| 
b | 
b 
Wing channel section. 
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FIG. 5. 
Shear centre location for wing channel sections 
(Eq. 11). 
nts 
ent Likewise, the static moment of the wing increases with decreasing u (Fig. 4). 
pee Eq. (3) holds good with the right hand side negative, and putting 
(h/ 2) b,. 
a lhe resulting — for the shear centre distance from the web is then 
ips +th/b, +2 /h) (1+ 2b,/h) } 
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For a few values of b,/b, curves for this section have been plotted too, and 
are shown in Fig. 5. 

The diagrams in Figs. 3 and 5 could of course be plotted in terms of « single 
parameter, say, i, but would not be so instructive. 

REVIEW OF LITERATURE. 

No attempt is made in the following short survey to collect an exhaustive 
bibliography as the references quoted at the end of the article contain further 
references, which taken altogether give a fairly complete picture of what has 
been written on the subject. It is rather the problem of torsion and warping 
which brings out the importance of the shear centre to the structural engineer 
(Ref. 1, Art. 53). Hoff presented a method for the calculation of the warping 
constant (Ref. 3, Art. 7) for which the knowledge of the shear centre location 
is required. Art. g of Ref. 3 contains also formule for the shear centre of 
common thin-walled sections, including the lipped equal angle section (Fig. \6, ¢). 

Kor sections that have no axis of symmetry, the process described of finding 
the shear centre would have to be carried out twice, i.e., the section loaded in 
one direction, the corresponding resultant shear force determined, and the same 
repeated for another load direction. The intersection of these two resultant shear 
forces is then the shear centre. For asymmetrical channel sections Schwalbe 
(Ref. 5) presented a usable equation for locating the shear centre. 


Fic. 6. 


Shear centre location for channel section with concentrated members. 
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It should be pointed out in this connection that all sections treated in Refs. 
1, 2, 3 and 5 are thin-walled, whilst Wagner (Ref. 4) and Kuhn (Ref. 6) include 
sections having concentrated members, whereby the thin-walled parts of the 
section are not assumed to be effective in bending. Thus there is no bending 
shear stress over the thin parts, and therefore the shear centre distance is 
numerically different from that of thin sections which have no concentrated 
members. 

To illustrate the influence of the various assumptions let us consider the 
ordinary channel section with concentrated members. The area of the thin part 
is t(2b+); that of each of the four concentrated members be nbt. Then, the 
distance of the shear centre, as easily found is 

{b(1+2n)} 

This is plotted in Fig. 6 with n as parameter, showing that for the limiting values 
n=o (no concentrated members) and n=X (thin-walled parts ineffective in 
bending) the results are widely different. 

The shear centre location of an open circular arc is given in Ref. 2; for 
elliptic arcs and arcs with varying curvature it seems that at present only by 
graphical integration can one arrive at a solution, 

Taken on the merits of the problems connected with the shear centre it appears 
desirable that data on the shear centre location be included into sectional data 
generally given in engineering handbooks and standards. 
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ATRSCREW BLADE STRESS DUE TO PERIODIC DISPLACEMENT,* 


veport of the German Aircraft Research Station E.V. Berlin-Adlershof 


Institute for Driving Mechanism. 


(L.F.F., Vol. 18, 20/11/41, pp. 383-386.) 
Translated by G. M. W. Knorr. 


Airscrew blade stresses caused by periodic displacement of the airscrew shaft 
and the possibility of their elimination by elastic connection of motor and airscrew 
are investigated. 


ARRANGEMENT. 
I. Introduction. 
II. Stress due to airscrew shaft vibration about an axis perpendicular to it. 
III. Stress due to vibrations of the screw shaft about two axes perpendicular 
to it. 
IV. Calculation of additional springing between engine and airscrew. 
VI. Bibljography. 


Summary. 


I. INTRODUCTION. 

An effective means of protecting the airscrew from alternating bending moments 
is the all-round elastic connection of engine and airscrew. Up to the present, 
however, owing to constructional difficulties such a design fulfilling all require- 
ments has not yet been produced. An ideal solution would be airscrew blades (1) 
universally jointed as in helicopters. For normal screws this end is not directly 
attainabie owing to heavy load on the joint. Particularly in-order to reduce the 
coupling of airscrew bending oscillations with the crankshaft rotational oscillations 
the torque rod and flexible drive have been evolved as partially elastic connections. 
Since, on the other hand, crankshaft vibrations have been successfully overcome, 
for example, by fitting centrifugal penduli and dampers, the danger of screw 
overload may be considered as eliminated in many cases, by blade vibrations 
which must maintain the equilibrium with a rotational vibration moment of the 
crankshaft. 

Recently cases of airscrew breakages have occurred obviously occasioned by 
tilting movements of the whole engine. The screw motion as a whole can be 
upset by this in a displacement within the plane of the airscrew disc and in a 
falling motion about the screw centre of gravity. Whilst the former gives rise 
to mass forces or moments within the plane of the screw disc, the latter causes 
alternating centrifugal moments perpendicular thereto, both of which may give 
rise to natural bending oscillations of the blades. In America these phenomena 
have been the object of thorough research for a considerable time (5). The 
excitation of these vibrations is produced on the engine side by gas and mass 
forces or from the airscrew side by air forces, ¢.g., the screw blades sweeping 
past flow obstacles. In what follows the two moments just referred to will be 
deduced from the engine and screw motion respectively. 


* Published by permission of the Ministry of Aircraft Production, R.T.P. 
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JI. Stress Dvr To AIRSCREW SHAFT VIBRATION ABOUT AN AXIS PERPENDICULAR 
TO IT. 
Symbols used in the subsequent computation process :— 
wt= screw blade angle of torsion about the axis of rotation. 
@= screw shaft angle of torsion about an axis perpendicular to it. 
m=the blade mass. 
s=centre of gravity distance from blade root. 
R R 


J= |ram—r, fam with r, as reference radius for the blade root. 


ze. sin te- 
Urehpol 


FIG. 1. 


For deflection of the forces of inertia ezerted on the 
blade by airscrew shaft displacement. 
Drehpol=rotary pole. 


For the calculation we regard (Fig. 1) appropriately a mass element of the 
screw blade and calculate the speed v thereof from the two rotational speeds 
w and ¢. Therefrom we get the acceleration through differentiation according 
to the time and thereby the force of inertia of the mass element. This integrated 
over the whole blade gives the bending moment acting on the blade root. 

We then split the acceleration perpendicular to the plane of the screw disc 
into two parts 


dv_dv, dv, 
dt dt” dt 
whereby 
v,=Prsinwt v.=Trcoswt .w; 
from this it follows 
=r (w6 cos wt + ¢ sin wt) 
dt 
=rcos wt.w.¢6; therefore = 
Hence the bending moment becomes 
M,=J (p sin wt + 206 cos wt). 


For @ we can write ¢= sin yt whereupon the above expression assumes the 
form 


M,=—Jy°® { sin yt sin wt — 2 (w/y) cos yt cos wt } 
= { [1+ 2w/y] cos (y+) t 
Especially if y= it follows 
M,=}Jy’® { 3cos +1}. 


To this bending moment perpendicular to the plane of the screw disc is 
superimposed one arising from the mass forces released by movement of the 
centre of gravity of the screw. The amplitude of this vibration is indicated 
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by 4=—p.@ whereby p is the distance to the axis of rotation. Thus can by 
written =A.sin yf. Hence the bending moment in the plane of the airscrey 
disc is 
M,=—msy*A sin yt cos wt 
= { sin t+sin (y—w) t}. 
Particularly if y=w we have 
M,= sin 


e 
III. Stress to Viprations oF THE Screw Smarr Two Ayers 
PERPENDICULAR TO IT. 
If the screw shaft furthermore swings about the second axis perpendicular to 
it with the deflection 
Yv=vcosyt, B=p.y, y=B cos yt, 
so that the screw centre point describes in general an ellipse instead of 4 
straight line the bending moment perpendicular to the plane of the airscrew 
disc becomes 
{ sin wt + 206 cos wt + sin wt cos wt } 
M., v=J { —y¥ |Psin yt sin ot —Y cos yt cos wt | 
+2wy |@P cos yt cos wf —¥ sin yt sin wt | } 
Af. v=J { (P+vV) ly? | cos (y +w) 
—4 (®-Y) [y?-20y] cos (y—w)t}. 
The mass moment is accordingly 
M,, y= ms { cos wt — jj sin wt } 
My. y= —msy* { A sin yt cos wot — B cos yt sin of } 
M,, y= —msy? {4 (A-B) sin (yt+o) (+4 (44 B) sin t } 
In the special case of a rotary oscillation, i.e., P=v, A=—B (precession in 
contrary motion) we have 
M,,y =Jy’® { [1+ 2m/y] cos (y+o) t } 
My, y= —msy7A sin (y4-) 
With precession in the same direction, i.e., P= and A= +B it follows 
M., — { [1 == 2u/¥ | cos t } 
y= —msy*A sin (y—w) t. 
Accordingly the greatest values of the alternating bending moments due to rotary 
vibration are exactiy twice as great as with a degree of freedom. 

As long as the screw is carried by the driving shaft an all-round elastic fixing 
of the former is not possible as it would hang through under the influence of its 
own weight. The displacement prescribed by the screw shaft must consequently 
always be arranged to suit the screw. Yet an attachment is conceivable whereby 
at least the screw might not be compelled to comply to the full extent with the 
falling motion. As can be observed from the above expressions the two 
alternating moments are offset in both cases at go° phase so that the momentum 
vector in the blade root rotates during a vibration period once in 360°. As the 
durability at least for isotropic materials only depends upon the extent of the alter- 
nating moments, and not upon them the question as to whether these are effective 
over one or over all directions of the cross section, an elimination of the centrifugal 
moment would only therefore be gained if they substantially exceeded the mass 
moments. As a comparison let us put down for the moment of inertia of the 
blade on account of its practically linear mass distribution J=mi (1?/6) where 
| signifies the blade length and s=1/3. Thus in an unfavourable case we have 

M.. (1 + 20/y)= —(m/6) Py? p) (1 + 20/7) 
M,, y= — msy?A= —(m/3) ly? A 
_ (1+20/y) 1 
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This ratio is even greater than 1 for higher values of y when it concerns radial 
engines with large reduction, therefore with large airscrews since then | is great 
in comparison to p. Especially in the very frequent case of the vibration being 
excited by an unbalance of the screw, t.e., we have y=, this ratio can be very 
great. 


Still other reasons meanwhile call for elimination of centrifugal moments. 
Summed over all blades they combine mainly in their effort on the screw shaft 
and seek to bend it, against which the mass moments reciprocally rise and only 
press the screw shaft more or less powerfully against its bearing. Finally this 
kind of stress appears to be unsuitable for wooden blades as regards the fixing 
in the steel sleeve, but this however can only be demonstrated after tests. 

Above all it should be remembered that the bending moments calculated above, 
under a given screw displacement @, UY or A, B represent the lowest values, 
consequently by increase of resonance much greater ones might actually accrue. 

From the above considerations it thus appears that additional springing 
protecting the airscrew against alternating centrifugal moments, has its advan- 
tages provided it can be carried out with small expenditure of weight. 
Consequently in what follows let us consider questions after calculation of this 
additional springing and newly occurring resonance zones. 


IV. CALCULATION OF ADDITIONAL SPRINGING BETWEEN ENGINE AND AIRSCREW. 

In the calculation of springing we must proceed from the fact that no new 
critical revolutions may arise herefrom in the working revolution range and 
that moreover, with the centrifugal moment occurring in the turn the screw 
does not oppose the aircraft more than 10 per cent. Below we shall investigate 
whether both requirements can be simultaneously fulfilled. 


> 
J 


FIG. 2. 
Schematic sketch of vibration system of engine with 
elastically connected screw. 


Fig. 2 shows schematically the vibration system formed by elastic connection. 
The symbols employed are :— 
©,=the moment of inertia of the engine plus screw mass about the 
transverse axis. 
©, =the moment of inertia of the engine plus screw mass about the 
transverse axis. 
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c,=springing of the engine about the vertical axis. 
C.=springing of the engine about the transverse axis. 
C=springing of hub (equal on all axes). 
J,=the polar and 
J =equatorial moment of inertia of the screw. 
w=screw angular velocity. 
w=aircraft angular velocity in the turn. 
y=vibration frequency. 
@ and «=angular deflections of engine or screw about the vertical axis. 
¥ and B=angularedeflections of engine or screw at the transverse axis, 


With these signs the equations of motion for the vibration system schematically 
drawn in Fig. 1 read :— 
I. 0,9+¢,9+C (g-2)=0 
JB+C (B- ¥)+J,01=0 
With the addition 
o=< ® sin yt 2=A sin yt 
v=wW cos yt B=B cos yt 
we have 
I. P= 
II. (ec, + C—O,y*) Y=CB 
III. (C—Jy?) A+ J,wyB=C® 
(C —Jy*) B +J,oyA 
If we multiply in (2) Eq. (0) and (II) with C and insert (III) and (IV) it follows 
{c,+C-—O,77 (C—Jy*) A+J,wyB } 
{c,+ }' { (C—Jy?) B+ J,wyA } 
The four natural frequencies are then obtained from equation (8) for y, which 
is obtained from (3) by elimination of A and B. For the sake of simplicity we 
write ¢,=c,=c and 0,=0,=9 which is approximately correct for radial engines 
and obtained from (3) since then A= +B. 
{ C/J+(c+C)/0 } +eC/JO+ 20y { y?-(c+C)/C} =o. (4) 
From this the feur natural frequencies are to be calculated from the position 
of which the extent of C is to be determined. They should as far as possible 
lie so that the corresponding critical revolutions lie far beneath the range of 
working revolution. It is, however, unnecessary at the outset strictly to solve 
Eq. (4). It is certain that C will at least be so weak that the screw hardly 
accompanies the tipping motions of the engine, i.e., the coupling between the 
pairs of equations I, I] and II, IV in (1) is very slack. As in the case of a 
two-mass system, K=¥ { (/(¢+C)} applies to the coupling factor which should 
here be of the order of <o0.3. Then again the couple frequencies appearing 
are not very different from the natural frequencies derived from the uncoupled 
equations. These are derived from (1) if in the first pair of equations x and £ 
and in the second @ and wv are put equal to @. In the simplified case of the 
uncoupled tipping vibrations of the engine at the vertical and transverse axes 
being equal to each other Eq. (4) can then be written 
Hence the natural eee are 
whereby Penn If k, is the source of excitation on the screw side and hy o 
the engine side, in the first case r=k, and in the second case r=ky . i with 1 as 
reduction ratio. Consequently the greater v is, the less y, and y, deviate from 
each other. 
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Now for the computation of the quantity C. The greatest angular velocity 
of the aircraft arising in the curve may be designated by Wax and the centrifugal 
moment by M,. Should. the screw even at the highest number of revolutions 
psx NOt incline more than ro per cent. against its normal position we must have 

whereby 
M, max=Jp Omax - Wmax- 
Hence the two screw frequencies are 
The natural frequencies thus determined are consequently only dependent upon 
the size of the screw in so far as the value w,,,x iS determined therefrom. 


1000 
| 
| 
800 + 
Np 
400 
Vil 
20 | 


Fig. 3. 
Resonance frequencies ny of the elastically connected 
screw for various types of excitation v=k, or i. ky. 


As an example let us choose a 1,500 h.p. engine with i=1.6 and wp,,=150 87. 
Fig. 2 shows for this the dependency of the two natural frequencies n, and 
nmin.~' upon the size v for a value of Wmax=287'. The natural frequencies 
ny of the elastically suspended engine itself we can set somewhere in the neigh- 
bourhood of m4=1,000 min.~!, so that all critical revolutions come far enough 
below the working revolution range. 


k,=3 screw-side and ky=1.5 engine-side may be regarded as the lowest order 
of excitation; since we must have v > 2 it must be the upper of the two natural 
frequencies of the screw which generally excites. From Fig. 3 it is evident 
that the upper natural frequency for v=1.5 . 1.6=2.4 lies fairly high. The ratios 
being such that we must expect this type of excitation the dimension ( must 
be reduced. Since, however, the screw would then incline during the curve even 
at values of Wmax << 287! more than 10° deflections must be provided to prevent 
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this. For excitation orders > 3 screw-side and > 2 engine-side all critic; 
revolutions, even with stronger springing C would come far e enough under th 


range of working revolutions. 
In conclusion yet a brief inv estigation of dimension C in respect of the coupling 
factor formed by it. By Eq. (6) we have with J,=400 kg./cms.? 


» max = 150 
and Wy; = 287! a value of 


C=685,000 cm./kg. 
If ny=1,000 min.~' be true, 7.e., 
Yu= (c/O)=105 
there follows O=1,300 cm./kgs.? 1,300 . 11,000= 14,300,000 cm. 
K=¥v { C/(c+C) } =o.214. 
The uncoupling of engine and screw tipping motions is thereby accomplished 


and the correction for the above approximated calculation of natural frequency 
figures indicated. 


V. SUMMARY. 


Various airscrew vibrational stresses are treated and the opposal thereof } 
elastic connection of screw and engine, In extension a measure was discusse 
which might protect the screw against tipping motions and thereby against the 
alternating centrifugal moments occasioned thereby. The corresponding  vibratio; 
equations are appended and the dimensions of the springing to be adopte 
decided upon. 
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A CONTRIBUTION TO CASCADE THEORY. 
By J. Lockwoop Taynor, D.Sc., Associate Fellow. 


The theory of the flow past cascades or infinite series of aerofoils, regularly 
spaced, is of importance in connection with the design of turbo-blower blades, 
interference between propeller blade root sections, wind tunnel circuit design and 
kindred problems. The usual development of the theory involves some rather 
advanced applications of conformal representation which it is rather difficult to 
translate into numerical terms, and no general solution for an arbitrary form 
of aerofoil section is available. So far as lift interference is concerned, one of 
the main points on which information is required, approximate results of fairly 
general application can be obtained with the help of relatively simple mathematics, 
and the formula lend themselves readily to numerical work. The basic principle 
applied is that of the direct calculation of the downwash component of the flow 
due to the remaining aerofoils of the cascade, somewhat on the lines of Glauert’s 
approximate biplane interference corrections. 


(i) UNCAMBERED AEROFOIL AT O° STAGGER. 
Immediate application of the Glauert biplane correction :— 
(c/h)? (C+ 2C mo) 
which assumes small chord-gap ratio (¢/h) and which becomes 
a—2%,=(1/8z) (c/h)? C, 
lor zero camber (Cyo=0), for either wing of a biplane, or 
a—a=(1/4r) (c/h)? C, 
for the middle of three aerofoils (triplane) giving 
{1+4(c/h)? } 
on putting (',=272,, leads to the correction factor 
for a cascade. The series adds up to 
{ 1+ (2?/12) (c/h)? } 
and the resulting numerical values of the lift slope are :— 


4 I 2 
Ch) 4 5-21 3-45 1.405 
Do. exact 5-24 3.07 2.0 


The exact values of C,/z, known from the full mathematical solution for a 
cascade of lamina, show fair agreement up to the chord gap of about unity 
which is perhaps a better result than might have been expected in view of the 
assumptions. The particular assumption (¢c//) small may easily be dropped ; 
Glauert takes the downwash velocity proportional to #/h?, where a is the abscissa 
irom the centre of pressure, instead of the exact value a (h?+a7). Substituting 
the latter gives, for the cascade, 


2 2/ 
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and numerical evaluation of this series gives lift slopes in exact agreement yi 
the correct theoretical values already quoted (c has been written here for ¢} 
i.e., h taken as unity, which does not involve any loss of generality). Incidental: 
the corrected approximate form of C,/x for the biplane case greatly improva 
the agreement with the true values as quoted in Glauert, ‘‘ Aerofoil and Airscre; 
Theory,’’ 13-14. 


(ii) CAMBERED AEROFOIL, 0° STAGGER. 

It is readily verified that the downwash or interference effects just given ap 
equivalent to calculating downwash velocity at the } chord point and correcting 
the lift as if the corresponding change of incidence applied to the acrofoil x 
a whole (taking the effective downwash at 2 chord includes the effect of dovr. 
wash at mid-chord and of flow curvature, considered separately by Glauert, 
The C.P. is at } chord for a symmetrical or straight line aerofoil (in the oper 
and the downwash is proportional to the separation between C.P. and 3 chord 
Thus the effect of cambering the centre line, which throws the C.P. farthe 
back, can be estimated. An aerofoil working at about optimum (, for is 
camber will have C.P. near .5 chord; the effective downwash is halved x 
compared with the above, and 


(c?/4) \ 


giving 
c/h I 2 
= 4.50 2.60 


| 
tol 


The loss of lift due to interference is less than without camber. 


(ili) Constant PRESSURE AEROFOIL, 0° STAGGER. 

It is to be supposed that a better approximation to the interference will be gu 
by allowing for the distribution of the vorticity over the chord, instead of taking 
a concentration of vorticity at the C.P. A case which is fairly easy to calcula 
and which may not be far from the truth for C.P. 0.5 is that of constant tangentid 
velocity or pressure on both upper and lower surfaces. Integration of the dow: 
wash or normal induced velocity at a point on one aerofoil, due to a uniform 
distribution of vorticity at the adjacent aerofoil, gives 


c 
(x—a,) dz, 


Jh?+(x—2,)? (h? +2 —c?) 
For the whole cascade 
"Ss | (sinh r+c/h) 
log) — = log 
(n?h? + x —c?) “(sinh 


which replaces log [(r+c)/(a—c)] for a single constant pressure acrofoil 0 
chord 2c in the open, i.c., without interference. Accordingly the ratio of th 
camber line slopes, proportional to the normal velocity as just derived, with ant 
without interference, to produce a given lift (at optimum incidence) is know? 
Integration of the respective slopes gives the ratio of the camber for a give! 
lift, with and without interference, or the lift ratio for given camber. 


2c/h 4 I 2 
ar+(C,,/C,) ... 5°5 4.23 2.62 


The last line gives figures numerically comparable with those previous! 
tabulated. 
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(iv) CoNSTANT PRESSURE AEROFOIL WITH STAGGER, 


Any of the results (i)-(iii) can obviously be extended to the more general case 
of a staggered series of aerofoils. Taking (iii) as the most nearly accurate and 
corresponding best with the practical case, generalisation gives 


{ cosh | (27/8) (a +c) cos | —cos [ (27/8) (w+c) sina] } 

= = 

{ cosh [(27/8) (2—c¢) cos |—cos [ (27/8) sine | } ] 

downwash in cascade, as compared with log (#+c/2—c) in the open, where s 
is the spacing of the aerofoils (k=s coso is the gap measured normally to 
the chord) 2c the chord, and o the angle of stagger. The ratio C,/C,, as 
defined above has been evaluated for the numerical case, o=45°, 2¢/s=1, giving 
1.118, or 27+(C,/Cy.)=5.61. The loss of lift is appreciably less than for zero 
stagger at the same solidity or chord-gap ratio, as in the known solution for 
staggered straight-line aerofoils, for which the corresponding figure is 5.3. 


(vy) GENERAL CAMBERED AEROFOIL. 


The results (iii) -and (iv) for the special case of uniform lift distribution over 
the chord can be generalised to cover any specified shape of lift distribution 
curve. Thus, summing the downwash at x due to an element of lift or vorticity 
at 


1 1 


For a lift ordinate proportional to f (x,), integration gives as the total downwash 
at 


c 


These expressions apply to the case of zero stagger, and the corresponding 
integral for the same lift distribution f(#,) on an isolated aerofoil, without 
cascade interference is 


| f (#,) +(e—a,) } de, 


enabling the comparison of cambers required for a given lift to be made as 
before. Further generalisation for stagger angle o and spacing s,gives as the 
appropriate integral for downwash or slope of camber line, corresponding with 
lift distribution (f (#,), in cascade 

aT cos o sinh [(27/s) (2—2,) cos ¢]+sin sin [(2z/s) sin } 

{ cosh [(27/s) cos «]—cos |(2z/s) (2—2,) sinc] } 


dz, 
again to be compared with. 


| (/@)+@-2) } dx 


in the open. 


It should be emphasised that all the results apply strictly to aerofoils of 
infinitesimal thickness and small camber at small angles of incidence, 7.e., they 
are simply extensions of the usual theory of thin aerofoils. Moderate thickness 
may be expected to alter the upper and lower surface velocities by similar amounts 
without serious change in lift distribution or total amount, and the restriction 
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to small camber is probably not very serious from a practical point oi 
Second order effects such as the tangential induced ve 
‘not’ zero have been ignored. Finite thickness at zero stagger can easily } 
included in the calculation, but the general case of finite thickness ‘ 
presents difficulties. Two-dimensional flow, or infinite aspect ratio 
assumed throughout. 
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REVIEWS. 


Croup READING FoR PiLtots. By A. C. Douglas. John Murray. 1943. 10/-. 

Glider pilots must surely be on friendly terms with the clouds, upon which 
the very essence of their favourite sport depends ; so the authoress of the present 
book (better known to pre-war sporting flyers under her maiden name, Ann 
Edmonds) is particularly well qualified to write it. A foreword by Professor 
David Brunt gives authority to the book, although the authoress herself modestly 
disclaims any intention beyond that of giving some practical hints to pilots and 
putting them in a position ‘* to find out more for themselves.’’ The letterpress, 
describing cloud formations and the development of air masses and fronts, is 
clear and simple, but the real value of the work lies in its illustrations. Out of 
120 pages,” over 70 are taken up by cloud photographs arranged in orderly 
sequences, each with its date and an explanatory note. Seldom can so many 
exquisite pictures have been assembled into a single volume. In these days, 
when skimped and shoddy publications are all too common, this book, with its | 
glossy paper, wide margins and artistic layout, is a joy to the eye as well as to 
the mind. It would make an ideal Christmas present, not only for pilots and 
prospective pilots, but for artists and nature-lovers as well. 


METEOROLOGY SIMPLIFIED. By Joseph I. Fell. Sir Isaac Pitman and Sons. 1943. 
1/-. 

This new volume in the series, entitled ‘* Pitman’s Pocket Handbooks,’’ covers 
the syllabus of the A.T.C. and I.T.W. and is written by an Air Navigation 
instructor. A plethora of books on elementary navigation has been written since 
the war, but most of these either ignore Meteorology altogether or dismiss it in a 
few casual pages. This primer is therefore likely to be of use to air cadets in 
the early stages of their training. A good deal of ground is covered in its 
50 pages: The composition of the atmosphere; air temperature and pressure; 
convectional stability and instability; high and low pressure systems; general 
laws governing winds; local and regional winds (somewhat quaintly termed 
‘“ Abnormal Winds ’’); types of cloud; warm and cold fronts, and a few remarks 
on ice accretion. There are frequent diagrams of the pictorial type popularised 
by certain American writers. When they are well done, these picture-diagrams 
are possibly easier to assimilate than the graph or diagram proper, but they are 
very liable to suggest the scribbles in a child’s drawing-book. In the present 
case we cannot help feeling that an air cadet should be able to grasp the idea 
that it is night-time without seeing a crescent moon and a peppering of dots, 
no doubt intended to represent stars but equally suggestive of a snowstorm or a 
heavy dose of flak. 


A HaxpBook oF SEA NAVIGATION. By W. M. Smart. Longmans, Green and Co. 
1943. 7/6. 

Professor Smart is by now well established as an authority on the academical 
side of Navigation. This new book, written in the lucid and conscientious 
manner which we have come to expect from the author, takes its place in the 
series initiated by ‘‘ An Introduction to Sea and Air Navigation.’’ The second 
in the series, ‘‘ Astronomical Navigation,’ carries the subject a step farther for 
the airman, while the present volume is written from the seaman’s point of view. 
As might be expected, the two latter books have much in common; in fact the 
first 30 pages, dealing with geometrical principles and the geometry of the celestial 


401 


‘ 
| 
7 


Youve mbe 


402 REVIEWS. 

sphere, are virtually identical. From this point they diverge, ‘‘ Sea Navigation” 
explaining in detail the Local Hour Angle of the Sun, Stars, Moon and Planets~ 
which the airman, with less time at his disposal, takes ready-made from hig 
Air Almanac—and describing the principal corrections to be made in taking 
sextant observations. The next chapter (The Astronomical Position Line) is again 
identical in its earlier portions, but diverges when it comes to the examples, 
which in the present volume are worked out by nautical methods. The cop 
cluding chapters treat of Position Lines in general; Sunrise and Sunset ; Moonrise 
and Moonset; Stars and Planets. In conclusion, there is a thorough discussion 
of the Rhumb Line, accompanied by one of the best diagrams we have seen to 
illustrate the relationship between the Rhumb Line and the Great Circle (p. 137), 
The summary of formulz in the Appendix gives various examples, such as the 
Half-Log Haversine Formula, that are not found in ‘* Astronomical Navigation,” 
while the specimen pages for reference are from the ‘‘ Nautical Almanac ”” instead 
of the Air Almanac, 

Now that the co-operation between the Sea and Air Forces is so close, we feel 
that air navigators could very profitably study this book, since the main difference 
between sea and air navigation is that the former is a more leisurely process, 
and can therefore be worked out in greater detail and to more precise limits of 
accuracy. An air navigator may not need to practise nautical methods himself, 
but his grasp of navigation will be all the better for knowing how they are 
‘carried out. 


AIRCRAFT ELECTRICAL ENGINEERING. 


By F. G. Spreadbury. Sir Isaac Pitman & Sons. 1943. 21/-. 


/ 


This book is particularly welcome, in view of the small amount of literature 
on the subject. Such books as do exist are for the most part primers, assuming 
zero knowledge on the part of the reader. Mr. Spreadbury writes for men with 
an intermediate standard of mathematics and a general grasp of electricity, who 
wish to apply this knowledge to a specialised study of aircraft equipment. 

He deals first with the theory of aero engine ignition, and then with the con- 
struction and testing of ignition apparatus; with aircraft generators and motors 
, and the use of alternating current in aircraft. A very practical chapter explains 
the various systems used to counteract the effect of speed variations and main- 
tain a constant voltage. Radio supply is handled from a purely theoretical point 
of view. The concluding chapters deal with ripple-smoothing circuits, magnets, 
and aircraft pyrometry, some highly condensed information on thermodynamics 
being included in this chapter. The book is illustrated by a number of excellent 
line-drawings, photographs and graphs, which no doubt accounts for its com- 
paratively high price. 

The electrical side of aircraft has not yet been properly visualized purely from 
the airman’s point of view, nor standardized as fully as it should be, and the 
problems of weight of all electrical installations have yet to be thoroughly studied 
There is no doubt in the future that aircraft will have more and more electrical 
installations of all kinds, and these must be designed from a different point of 
view from similar installations being used in other forms of engineering or 
commercial work. 
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DIFFERENCE ANYWAY? 


Government reduction 
of tin content of alloys 
often means the in- 
crease of soldering 
temperatures if satis- 
factory soldering pro- 
cesses are to be achie- 
ved. But what in- 
creases are necessary ? 
How will the com- 
ponents be affected by 
increased heat ? These 
and other technical 
queries are answered 
in ‘‘ Technical Notes on 
Soldering,’’ issued by the manufacturers of 
Ersin Multicore the A.I.D. and G.P.O 

approved three core Solder Wire. Firms 
engaged on government contracts are invited 
to write for a copy of this reference sheet 
and samples of Ersin Multicore Solder Wire. 


ER SIN GORE 


The Solder Wire with 3-Cores of Non-Corrosive 
Ersin Flux 


MULTICORE SOLDERS LTD, COMMONWEALTH HOUSE, 
LONDON, WI. Tel: CHAncery 5171/2 
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demand for “AVO™ Electrical Testing 

Instruments for H.M. Forces is now such that 
we regret we can no longer accept orders for 
ordinary Trade or private purposes. Orders 
already accepted will be despatched as soon a 
possible, 


Orders from Government Contractors or 
Essential Works can be accepted, but they must 
bear a Contract Number and Priority Rating, 
and even these orders will necessarily be subject 
to delayed delivery. 


We take this opportunity of expressing to the 
Electrical and Radio Trades our apprec'ation of their 
operation and patience during the considerable and 
unavoidable delays that have occurred in executing 
their orders. We feel contident that our customers 
will appreciate that we, in common with other mani: 
facturers, are prompted by the universal desire to 
assist towards a speedy and satisfactory termination 
of hostilities. 


Sule Proprietors and Manufacturers : 
AUTOMATIC COIL WINDER & ELECTRICAL 
EQUIPMENT CO., LTD. 
Winder House, Douglas St., London, S.W.1 Vie, 34? 
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Makers a all \ \types of 


years, we are: .producing the 


celebrated 
Protractor. in ever. inckeasing 
quantities. The 
Protractor is indispensab 
all navigators, supplied ‘in two 
sizes, and 10" square. 

The “MACLEAN™ ‘on 
(Dead Reckoner) Protractor-o 
new design is now in full pro- 
duction, Designed primarily 

for Air Navigation, it is simple 


further particulars o 
‘fwo instruments and all 
avigational aids, write 
Pillustrated brochure to 


minder of essential data. 
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w to use and serves as a constant] 
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UNIVERSAL 
BALL JOINTS 


THE LIGHTEST, MOST 

| EFFICIENT & COMPACT 
UNIVERSAL JOINT 
MANUFACTURED 


Used on all types of Aircraft 
for engine controls, remote opera- 
tion of various mechanisms, flap 
operating gear and undercarriages 


MOLLART ENGINEERING 
COMPANY LIMITED 
Precision and Production Engineers 
KINGSTON-BY-PASS, SURREY 


Designed and produced by proved Precision 
Engineers with Air Ministry Gauge Test House 


Ref. No. 89755/31 Tel: ELMBRIDGE 3352/3/4/5 
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“MAVITTA” THE ALL-BRITISH 
DRAFTING MACHINES 


(FOR ALL BOARDS) 
ADJUSTABLE TABLES 


THE MAVITTA DRAFTING MACHINES Ltd. 


Anchor Works, Park Rd., Aston, Birmingham 6 
Grams: Mavitta, Birmingham Phone: EAST 0482 
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> | Conforming to ail Air Ministry and B.S.l. Specifications. 
| DUNFORD & ELLIOTT (SHEFFIELD) LTD. 
Attercliffe Wharf Works - - Sheffield 9. 
AL Grams: "Blooms, Sheffield” Phone: Attercliffe 41121 
| London Office: 54 Victoria Street, S.W.1. 
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ation has established new methods 
and new products in many industries 
with great success. Simmonds De- 
ve'opment Corporation seeks new 
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technical resources and marketing 
knowledge of the Simmonds Group. 
ALL COMMUNICATIONS MUST 
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THE TOUGHEST TOOLS IN THE WORLD 
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